Promoter Analysisin silico

Michael Q. Zhang
Cold Spring Harbor Laboratory

* Promoter: transcriptional control/regulation

« General promoter recognition problem
— De novo prediction
— Comparative analysis

» Specific promoter recognition problem

— Database search and multiple alignment
— EXxpression data analysis



Promoter and transcription
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General promoter recognition
Gene structure prediction
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Core Promoter (zhang, Genome Res. 1998)

GenBank
M12523:1..1980

ALB gene=serum albumin
Firstexon=1737..1854

AUG=1776
C+G=0.33

Core_Promoter prediction:

+1 TSS Score
—> 1737 0.637

-160 -130 -100 -70 -40 -10 +20 +50 +80 1736 0.604
| X1 | X2 | X3 | X4 | Xs | Xe | X7 | Xg 1727 0.588

' 1732 0.534

| X | X10 | X1 | Xi2 | X3 1731 0.531
-145 -100 -55 -10 +35 +80 1728 0.498

QDA variables 1726 0.428



CpG_Promoter (loshikhes& Zhang Nature Genet. 2000)

CpG island: Length > 200 bp;C + G content > 50%;CpG ratio Obs/Exp > 0.6

« 135genes

e 68 have CpG island around promoter *Promoter Scan gives

« 63 recognized SN =0.44
e SP=0.34(1Pos./26 kb; 1/36 kb isin
fact)
GenBank CpG_Promoter prediction: Core Promoter prediction:
D87675 CpGidands  Promoter-associated TSS Score
8813..9319 + 8921 0.100
>301kb 9328..9547 + 8923 0.094
App gene encodes 9761..10203 + 8920 0.089
: .~ 117256..117511 - 8919 0.084
Amyl Old precursor protein 176132..176342 - 8922 0.078
Firstexon=9001..9204 057735..257942 i 8918 0.058

AUG=9148 261475..261750 - 8783 0.056



First exon prediction (FirstEF)
(Daluvuri,Grosse& Zhang, submitted)

Performance statistics of FirstExonFinder Promoter Prediction accuracy of FirtEF
based on crossvalidation and Promoter | nspector for Ch22
Exon Type Sn Sp CcC
CpG-related 092 0.97 0.94 Program TP FP S Y
Not CpG- 0.74 0.6 0.65 FirstEF 46 40 79.30% 53.50%
related Promoterinspector 28 37  48.30% 43.10%
All Exons 0.86 0.83 0.83

Prediction Accuracy for Ch21&22 (Number of Real Promoters: 58)

Chromo- Number of Number of Completely Predicted non-
some Exponentially correctly non-coding coding exons
mapped first predicted first | exons
exons exons
21 42 37 (88%) 14 10 (71%)
22 79 69 (87%) 28 23 (82%)
Total 121 106 (88%) 42 33 (79%)




Comparative genomics (Wu et al. Genome Res. 2001)

Maniatis lab (Harvard), Zhang lab (CSHL) & Myerslab (Stanford)

Variable Region
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Simple

Pipmaker

Gibbs sampler

mPcdhy-al -260
mPcdhy-a2 -262
mPcdhy-a3 -234
mPcdhy-bl -257
mPcdhy-a4 -231
mPcdhy-b2 -206
mPcdhy-a5 -195
mPcdhy-a6 -239
mPcdhy-a7 -244
mPcdhy-b4 -242
mPcdhy-a8 -236
mPcdhy-b5 -242
mPcdhy-a9 -256
mPcdhy-b6 -232
mPcdhy-al0-256
mPcdhy-b7 -250
mPcdhy-al1-258
mPcdhy-b8 -225
mPcdhy-al2-222
mPcdhy-c3 -230
mPcdhy-c4 -206
mPcdhy-c5 -239

Consensus
hPcdhy-al  -275
hPcdhy-a2  -262
hPcdhy-a3  -260
hPcdhy-bl  -229
hPcdhy-a4  -234
hPcdhy-b2  -208
hPcdhy-a5  -217
hPcdhy-b3  -226
hPcdhy-a6  -242
hPcdhy-a7  -244
hPcdhy-b4  -261
hPcdhy-a8  -239
hPcdhy-b5  -258
hPcdhy-a9  -232
hPcdhy-b6  -272
hPcdhy-al0 -238
hPcdhy-b7  -270

hPcdhy-all -249
hPcdhy-al2 -227

hPcdhy-c3  -230
hPcdhy-c4  -215
hPcdhy-c5  -186
Consensus

ECGCTGTeZCC
UCGCTGTerICC
HCGCTGTLKEAC

CGCTGTIELRCC
HCGCTGTZCC
LCGCTGT/Xeleq)C
HCGCTGT&CC
LUCGCTGTe&C
ECGCTGTeZCC
GCCCTGTelECC
GCCCTGTL®ACC
ECGCTGTelelCC
ECGCTGTeZCC
GCCCTGTMeleCC
GCCCTGTL®ACC
ECGCTGTeelelCC
GCCCTGTLKERICC
GCGCTGeaKenNCC
ECGCTGT&ICC
ECGCTGTielelelCC

GiecccTcccecofgcccade
GlccceTeT

aa -240
ac -242
ac-214
aa-237
ac-211
aa-186
ag-175
aa-219
aa-224
ag -222
ta-216
tg-222
aa-236
ag -212
ta-236
ag -230
aa-238
aa -205
ac -202
aa-210
aa-186
cc-219

aa -255
ac -242
ac -240
aa -209
aa-214
aa-188
aa-197
ag -206
aa -222
aa-224
aa-241
ta-219
aa -238
aa -212
ag -252
ta-218
ag -250
aa -229
aa -207
aa -210
aa-195
cc -166

(1.00)
(1.00)
(0.90)
(0.60)
(1.00)
(0.80)
(1.00)
(0.90)
(1.00)
(1.00)
(1.00)
(1.00)
(1.00)
(0.86)
(1.00)
(1.00)
(1.00)
(0.86)
(1.00)
(1.00)
(0.12)
(0.10)

(0.71)
(1.00)
(1.00)
(1.00)
(1.00)
(0.86)
(1.00)
(0.42)
(1.00)
(1.00)
(1.00)
(0.85)
(1.00)
(0.86)
(1.00)
(1.00)
(0.78)
(0.84)
(1.00)
(1.00)
(0.57)
(0.20)



Specific promoter recognition
(Gene expression prediction)

Zinc finger Helix-turn-helix
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Liver-specific Promoter Database
(LSPD: Zhang& Zhang unpublished)

LSPD ;-:".TII-; LEFD
{CH}  The Liver Specific Gene Promoter Database =

T TH] = 1 orrpadile Sibas Facban Toals Lirlkes

« Liver Specific Genes -1 e

List ~300 promoter regions responsible for Iver specific transcriptions . bovine
Collect ~400 experitnentally verified regulatory regions and elements &4

Frorade mformation on transcription regulation of Irver genes

Compare travscription regulation of fancfionally or evelufionarily related geres
Betrieve sequences of the promoter region HF =1 HHF=1 —

L= = R = R <] o

. Regulatery Flements & hunan
€]

o Prowvide information on transcription regulatory elements

o Report the methods forwerification of the elements

o Record hinding affinity and regulatory function Lhe el [
o omrnrnarize the site distrbution and sequence consensus ' .

104 &0
» Composite Sites -8 -&h

RS e

o Record interaction among transeription factors
o Explore space constraints and correlation of regulatory elements
o Characterize the condition for factors to interact B "

!

rat
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[}
Dy
w

1
L=
(11

i d
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« Transcription Factors

o Provide alighraent of all experimentally werified sites HMF -1 —
« Construct matrix and consensus sequence '
o Surmrarize information on the factors and their roles in regulation

salnon

« Analysis tools

o Retrieve promoter sequences - ]

o Discover new motifs I I 1 1 . ) j
I T T L} 1

o search known motifs

- Build proraoter rodels LI




L SPD (continued)

CLUSTAL W (1.8) multiple segquence alignment

| LiFD | (enes |Sites | Composite Sites

©

| Factors | Tools | Links

albumin
|Brief Name |alumin
|Fu.n.cti.un |( TransportBinding)
|Ce]1 |]iver

Regulatory regions of oxtholog genes:

|Accession # | TSS

|ATC |4 Jnown sites |include ?

| bovine | HE2448 | 241 | | 1 | r
| human | M2E16 | |enhancer | 1 | r
| human | M12523 | 1737 | | 2 | r
| mouse | M#£3122 | |enhancer | 5 | I
| mouse | 04733 | 2045 | | 2 | I
| rat | M1s325 | 153 | | 4 | I
| galmon | 79487 | 299 | | 1 | r
|30enupuslae1ris| T2ETI6 | 1518 | | 1 | r
|30enupuslae1ris| T2EE25 | 1607 | | 1 | r

« Retrieve regulatory sequences from I'EDD to I1 ao

«  Niultiple sequence aliznment

with respect to ITSS 'I El

H.olagwia_ 226233
H.lagwia_Z26236
whua_JO473E
Rhab_wila223
E.Eaucua_XE2443
Hurnan_#1233323
S.aulac_N784E87

H.olagwia_ 226233
H.lagwia_Z26236
whua_JO473E
Rhab_wila223
E.Eaucua_XE2443
Hurnan_#1233323
S.aulac_N784E87

TFs

HNF1
HNF3
HNF4
C/EBP

Gene albumin

CRACRSC AR IR AT I ICACCEEARRASIICATIEE-- -~ RCAIIRCSRRATICCACR
CRACRSC AR IRCAT AT I ICACCEEARAACITATEIE - - - - RCITIRCIRR-CICCACR
~hRC AT RSO RS A C AR R AT I I ICRC AR ARSI AT - -FTITTCTA
-ZhRITTRCEIAAACARCITIIEEIE--IIIC SEIATZ

~hRC AT RC AR RS I A C AR AR I I I ICC ARSI ST I AT AR -TITICIA
SRR AT R AR A C AR AR I I I ICC ARSI AT IATCAR -TITECIA

AC RS RZRC RSRC RShC RSRC RShC RS RS RS RShCRCRTRSRERCRTRSEIRS
- - “ ah

AR IRR AR IO - - AR R RS R R I IR A TARTARTIIICCAGATCRCIC
AR IR R AR IS - - AR R AR RO I I IR AT FARICATIIECCAGATICRCIC
AT AR AR AR R YOO - ARSI AT TARICATC TACACTITATECTY

oS Aok R CCAR ISR A TR RS- AT CC Y TAATCATC TACRIT AT EOIY
AICACEIATCRACCAARTCARAATIACARRCATICASICT RS RRICTACRRITATECCC
AR I RS A AR AT R AR RO ISR AT TARTARTCTACRRITATECTY

HNF-1
#exp. sites motif
47 (AIG)TTAAT(h)
(IR(1))
54 TRTT(G/T)RY
(core)
37 AGGTCA (h)
(DR(1(2))
80 GCAAT(h)

(palindrome)

*C/EBP frequency matrix

pos

A

C
G
T

1
29
16
20
15

2 3 4 5 6 7 8 9 10

6 1 21 18 3 15 68 68 13

6 3 61 7 10 46 10 6 16

6 20 34 20 58 0 2 0 14

62 56 19 25 9 19 0 6 37



Cell Cycle Regulation (Spellman et al. MBC,1998)

(Browné& Botstein labs — Futcher& Zhang |abs)

05 Alpha edelS cde28 Elu [35CFD . Micmankt intarmet Exploves. | PIEIED SWI5  TAACCTGTTTAGGAAAAAGGTAAACAATAAC
K T e — = ; CLBL  CCGCCCAAAGAGGAAAAACATCAACAATCAA
= Ela Edt Y Lo Fivoie:  Helo CLB2-1 CGACCGAATCAGGAAAAGGTCAACAACGAAG

T r TrT———" =] || Lika CLB2-2 TTTCCTAAACGGGCTCAATATGTAAACATAT

BUD4  TGACCCGATTTGGAAAAAGGTAAACAACAAT

M/Gl a KIN3  TTTCCTAATTAGGTTAAACGTAAATAAAAGC

SCPD CDC20  TTGCCGAAAGAGGCAAAACGTAAATAGGTTG

YOR315W TCGCCCAATTAGGATAAAAGTAAATAACATA

{ira The Promoter Database of CHS2  ATACTCAAATAGGAAATATATAAACAAATAG

4 » D YRO2 CAACCCGATGAGGAATCATCCCGATCTAACA
Sﬂﬂﬂﬁﬂrﬂr@ S WSC4 TCGCCCAAAGTGGAAATACCGTAATAGTACC
APC11 TGACCGGTAGTGGAACTGTTCCAAACCTTTT

ZhU&Zhang’ 1999 FAR1 ATACCTAAAAAGGAAATAGGCAATAAAATGA

CDC5 AAACCCAATAAAGAAAATCCAAAATATAGAA

» (3ETiES T-::?Ir.;'- the proanoter regons i a0 0] BENES YML119W TTTCCAGATTAGGAAAGAACATAAATAAAAA
UBA2 TTTTCTGTATTGGTAAGAACTTAAATGAGAA
DBF2 TTTTCTTTTTGGGTTGGTCCTCCGGAATAGG
CDC16 TTTCTTTATTGGGTCACACAAACCGTATTAA

Gl and OFFe m yeast genime
o Promde efeemation on genes with mapped

Sites Sites Cho
Name Genes | Group Motifs (%Genes) (%Genes etal.
out of 256 controls)

CIn2 58 Gl MCB:ACGCGT 52(62) 15(6) +
SCB:CRCGAAA 43(52) 33(13) +
\% 31 G1 RAP1L:TGCACCW 42(71) 33(12) -
?2.AGCSGCT, etc. 32(52) 16(3) -
S Fksl 38 Gl SCB:CRCGAAA 26(53) 33(13) +
2TKCAKCTGCA 4(11) 3(1) -
Histone |9 S CCA:GcGAATrytngrGAACr 19(100) 0(0) -
NEG:CATTgnGCG 18(89) 1(0) -
Gz SCB:CGCGAAA 7(56) 14(5) +
Met 20 SIG2 Cbhfl/Met/Met28: TCACGTG 20(60) 17(5) -
Met31/Met32: AAANTGTGG 14(55) 12(5) -
Clb2 36 G2/M | Mcmi(P-box): TTWCCyrawnnGGaAA 55(64) 1(0) +
Mcm1(P-box)+Sff:(P)n, 4 GTaAAYAA 19(47) 0(0) -
Mcm |38 M/G1 ECB:TTTCCcaATngGGAAA 73(79) 1(0) +
2AAAGAAAA 26(53) 20(8) -
Sicl 27 M/G1 SWI5:RRCCAGCR 23(48) 23(9) -
M ?2.GCSCRGC 12(41) 31(11) -
Mat 13 M/G1 Ste12(PRE): TGAAACA 10(54) 48(18) -
P +Q:ATTCCTaal TrGknnnTCAATG 8(46) 0(0) -
2.WnAnnAGCCAnNNnNWWnMAAANA 6(46) 2(1) -




Cell Cycle Regulation (continued)

Computationally predicted E2F target genes confirmed by
in vivo footprint (ChiP) (Kel et al. IMB 2001)

Mammalian cell cycle regulation

(Ishidaet al. MCB, 2001) (Nevins, Zhang labs, unpublished)

Gene EMBL Sequence of the Positionrel. | Score, g d(X)
potential sites start
transcriptio =]
il 1 ¥ Cdc2 agcgcggtgagtttgaaact
—fos, Homo HSFOS (-) OCCITGGCGCGIGTCe 2165..-176 0.915 »
;E‘;s (- gg6GTGGCECECE0C | gy 103 0.836 200 cdc25C ctggcggaaggtttgaatgg
(+) cCTCTGECECCACCTE | g0 79 0.878 Cyc-A2 gtcgcgggatacttgaactg
(-) acGGTGGCGCCAGAQY [ _78 .89 0.830 L Cyc-B1l gcagtgcggggtttaaatct
JunB, Homo | HS207341 (7Y GCTATCECECCAGAGA [ 79 G0 0.887 . Cyc-B2 gcggcgcggtatttgaatcg
spiens E; SSZEIEE’EEEEQZQEZ o1 .80 0.905 -l Ki-67 ggcgcgccgggctggaagaa
STGFB:! (F) CLGITIGCGGGGLGga 156]?3 155802 8252 gég ; 1HABP tgggngng_taggaatCt
Lgr':}oﬁs];pl . (+) ccCTTCGCECCCTOAY | _ogg  -087 0.912 H2A_X ccagaggtgggtattaaaaa
(+) ctCTTGGCGCGACGCt 28 .39 0.928 [}
(-) agCGTCGCECCAAGaD | 40 29 0.830 L 1 ovels
(+) ccTTTGCCGCCGGGga 85..96 0.854 T ’ iy
ARF, Homo | AF0&2338 ) aeTTTCCCRCCeTo [ 265 276 | 0,859 AT AT AR
sapiens
M cmé A B000629 (+) ggl'TTCCCGCCAAAaC _443 . _432 0872 / X
(Cdc21), Mus (=) gtTTTGGCGGGAAACC | 437 44D 0.935 " y Y O growh
musculus (+) gCAGTGGCGCCTTCcg -329 .. -318 0.810 Wodlrakan mmsrvsaben pmisir E2F| duced
(+) ccTTTGCCECTETGat | _og7  _og6 0.846 —
(+) tgGGTGGCGCAGAACE | 197 116 0.809 SO el it
(+) ttTGTCGCGCAGCAac -24 .. -13 0.858 k
MCM5 (PI- | HS286810 G agTTTCCCCCOAREE 187 176 | 0988 | 491 ; G115 e
CDC46), (-) aaTTTGGCGCGAAAct -175..-186 1.005 g inr "
Homo sapiens @) EHNEEESEAEE | g 46 0.885 3.01
(-) agTTTCGCGGGAARaa | o0 g 0.932 421 P OINERE L L E RO RN
von Hippel- | AF010238 Ry asCCTCECECCACTOE (2570, =959 0.810
Lindau (=) geAGTEGCCCGACCEL | o5g | .269 0.838 s , E2F
(VHL), Homo (- greTTCaceeececee | o8 .. -39 0921 | 222 ; 4 Cyc-E  gTTCCGCGCGCAGgg
sapiens q
B-myb, Homo | HSBMYBDNA | ) GTCCTGGCGCGCEGEE (75 —83 0.831 T Elmb tggggggggggg
sapiens -53..-42 0866 | 550 -myb - a a
Nucleolin. HSNUCLEO (-) ttlTTGGCGCCGELTg _297 . -308 0966 11 MCm4 gTTTCCCGCCAAAaC
Homo sapiens (=) CcCGTGGGCECELEat | o5 067 0.814 201 4 , 2yt Mcm5 gTTTCGCGCCAAALL
Nucleolin, CSNUCLEO (=) cgTTTCELELEEE TG 1296 |, -307 0.973 6.67 } J Lol 1 ETTTCCCGCGAAACt
Cricetulus T DNApola aCAGGGCGCCAAAcg
GME=YS Rad51 gTTTGGCGGGAATtC
Nucleolin, Mus | MMNUCLEO [ (2 agTTTGELEEEetita 1306 -317 0.973 1.76 tentwann v

S FLFTS

musculus




Sample Web Resources

Databases
*TRANSFA C:transfac.gbf.de/ TRANSFAC
*TRRD/COM PEL :compel .bionet.nsc.ru/
*EPD:www.epd.isb-sib.ch
Promoter finding *MTIR:www.chil.upenn.edu/M TIR/HomePage.html
«CSHL :www.cshl.org/mzhanglab L SPD (CSHL)
«Promoter| nspector:www.gsf.de/biodv ~ *SCPD +Fly+Worm+Plant (CSHL)
*PromoterScan:bimas.dcrt.nih.gov/molbio
*Promoter2.0:www.cbs.dtu.dk/services/promoter
*NNPP.www-hgc.Ibl.gov/projects/promoter.html
«TSSG/TSSW:dot.imgen.bcm.tmc.edu: 9331/gene-finder/gf .html

Compar ative genomics tools
*PIPMaker: bio.cse.psu.edu/pipmaker
*VISTA: www-gsd.|bl.gov/vistal

M otif finding

*Gibbs sampler:bayesweb.wadsworth.org/gibbs/gibbs.html

M EM E:meme.sdsc.edu/meme/website/
«Consensus.bioweb.pasteur.fr/seganal/interfaces/consensus-simpl e.html
Clustal W:www.ebi.ac.uk/clustalw/
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